Peas are traditionally used as a protein source for poultry. However, peas contain antinutritional factors (ANF), which are associated with the initiation of local and systemic immune reactions. The current study examined the effect of feeding raw or differently processed peas in comparison with feeding a soybean meal (SBM) based control diet (C) on the gut mucosal immune system of broilers in a 35 day feeding trial. In six replicates, a total of 360 one-day-old male broilers were randomly allocated to four different groups receiving C, or three treatment diets containing raw, fermented, and enzymatically pre-digested peas, each supplying 30% of required crude protein. After slaughtering, jejunal samples were taken for immunohistochemical, flow cytometric, and gene expression analyses. Investigations were focused on the topological distribution of intraepithelial leukocytes (villus tip, villus mid, and crypt region) as well as on the further characterization of the different intraepithelial lymphocytes (IEL) and concomitant pro-and anti-inflammatory cytokines. Broilers receiving the raw or processed pea diets had higher numbers of intraepithelial CD45 + leukocytes in the tip (P = 0.004) and mid region (P < 0.001) of villi than birds fed C. Higher numbers of intraepithelial CD3 + lymphocytes were found in the villus tip (P = 0.002) and mid region (P = 0.003) of birds fed raw or processed pea containing diets in comparison with those fed C. The flow cytometric phenotyping showed a similar relative distribution of IEL among the feeding groups. The expression of intestinal pro-and anti-inflammatory cytokines was affected by feeding the different diets only to a minor extent. To conclude, feeding of diets formulated with raw and processed peas in comparison with feeding a SBM control diet initiated mucosal immune responses in the jejunum of broilers indicated by a quantitative increase of intraepithelial T cells. Further research is needed in order to ascertain the specific factors which are responsible for observed local immune reactions and how these local reactions might affect the immune status and health of broilers.
INTRODUCTION
As the demand for protein-rich feedstuffs rapidly increases there is a growing interest in using home-grown legumes as feed protein. Peas are locally grown legumes representing a valuable energy and protein source for poultry. The nutritional composition and quality of peas differ depending on factors such as variety, location, and climate conditions (Nikolopoulou et al., 2007; Wang et al., 2010) . Hence, the crude protein content of peas can range from 208 to 264 g/kg (Igbasan et al., 1997) . Peas contain protein and starch as major nutrient fractions, but also antinutritional factors (ANF), which can be classified in proteinaceous ANF, including antigenic proteins, trypsin inhibitors, α-amylase inhibitors, and lectins, as well as in non-proteinaceous ANF, such as alkaloids, tannins, and saponins. While trypsin and α-amylase inhibitors are known to reduce the nutrient digestibility of feed associated with reduced animal performance (Bush et al., 1992; Cowieson et al., 2003; Frikha et al., 2013) , antigenic proteins and lectins interact with the intestinal mucosa and thus may initiate immune reactions (Greer, 1983; Huisman and Tolman, 1992; Lalles et al., 1996; Pusztai and Bardocz, 1996) . Concerning the effect of antigenic proteins, studies showed that the feeding of peas led to systemic immune responses demonstrated by increasing antibody titers against pea proteins in the blood of calves and piglets (Nunes et al., 1987; Le Guen et al., 1991; Bush et al., 1992; Salgado et al., 2002) . Specific studies on local, gut associated immune reactions are scarce and were mainly focused on immunological effects initiated by feeding different soya protein sources to calves and piglets (Kilshaw and Sissons, 1979; Li et al., 1990) . The feeding of heated soybean meal (SBM), which contained high levels of the antigenic proteins glycinin 2064 and β-conglycinin, led to local mucosal T cell and B cell infiltration in piglets and calves Lalles et al., 1996) . Apart from antigenic proteins, legumes contain lectins, which may also trigger immune reactions by interacting with the intestinal mucosa leading to villus atrophy as well as a destruction of intestinal microvilli and enterocytes (Pusztai et al., 1979; King et al., 1980; Kik et al., 1990) . Consequently, intestinal nutrient absorption is decreased and local as well as humoral immune responses may be initiated (Donatucci et al., 1987; Kik et al., 1990; Huisman and Tolman, 1992) . Based on these observations, a reduction of immunogenic factors might increase the nutritional value of legumes and attenuate immunological reactions in the host. Processing methods are available to improve the nutritional value of feed compounds by increasing the nutrient digestibility and decreasing ANF content. Several studies showed that proper thermal treatment of legumes effectively reduced the lectin content Alonso et al., 1998) . Furthermore, fermentation processes using bacteria or exogenous enzymes degraded antigenic proteins in SBM (Yamanishi et al., 1995; Feng et al., 2007; Wang et al., 2011) .
To our best knowledge, data on chicken concerning the effect of feeding raw peas or differently processed peas on the intestinal immune system are not available. Therefore, the current study aims to prove the effect of feeding different protein sources (soya vs. pea) as well as differently processed peas on the gut mucosal immune system in broilers focusing on jejunal intraepithelial leukocytes. It was hypothesized, that the feeding of peas might modulate mucosal immune reactions and that the feeding of fermented or enzymatically predigested peas might differently affect mucosal immune responses.
MATERIAL AND METHODS
The study was performed in accordance with the Animal Welfare Act of Germany and all procedures involving handling of animals were approved by the local state office of occupational health and technical safety (Landesamt für Gesundheit und Soziales Berlin, Germany, LaGeSo G. Nr. 0203/14).
Animals, Rearing Conditions and Experimental Diets
In six replicates, a total of 360 one-day-old male broiler chicks (Cobb 500) were randomly allocated to four different experimental groups of 15 birds per pen. The birds had ad libitum access to feed and water and were reared on litter-floor pens (softwood shavings). The pen represented the experimental unit. The ambient temperature was maintained at 33
• C for the first experimental week, after which the temperature was gradually reduced by 3
• C per week until reaching 24
• C. The lighting program was carried out as follows: From day 0 to day three 24 h of light, from day 4 until day seven 20 h of light, and from day 8 to the end of the trial 16 h of light. Over a period of five weeks birds received four different experimental diets in mash form, whereby a two-phase feeding schedule of starter (1 to 21 days) and grower (21 to 35 days) feed was implemented. Four experimental diets were produced and differed in terms of protein source and treatment conditions: A control diet (C), based on corn, wheat and toasted SBM (at 110
• C for 3 min), and three diets containing raw peas (RP), fermented peas (FP), and enzymatically pre-digested peas (EP), each supplying 30% of required crude protein. Peas (Pisum sativum L. Madonna) were treated either with a probiotic or enzyme product. Ground peas, intended for the FP diet, were mixed in an equal proportion with water containing 2.57 × 10 8 Bacillus subtilis spores/kg pea (GalliPro , Chr. Hansen, Denmark). Fermentation was done for 48 h at 30
• C. Ground peas, intended for the EP diet, were soaked in water (at the ratio of 1:1) containing three commercial enzyme preparations: AlphaGal TM (0.1 g/kg peaKerry, Beloit, Wisconsin, USA) containing an α-galactosidase, RONOZYME R ProAct (0.2 g/kg pea -DSM, Kaiseraugst, Switzerland) containing a protease, and RONOZYME R VP (0.2 g/kg pea -DSM, Kaiseraugst, Switzerland) containing a mixture of pectinase and β-glucanase. Enzymatic pre digestion was done for 24 h at 30
• C. After both processes, the different pea products were dried (at 75
• C for less than 3 sec) and ground using a dryer mill (Ultra-Rotor Type U III a, Jäckering Mühlen-und Nährmittelwerke GmbH, Hamm, Germany). Finally, the processed pea products were used to produce the experimental diets. The feed composition and the nutrient content of the experimental diets were analyzed and are shown in Table 1 . All diets were formulated to be isoenergetic and isonitrogenous and met the respective nutrient recommendations for broilers (GfE, 1999) . During the experimental trial broilers were clinically inspected daily, the bodyweight (BW) and feed intake was recorded weekly and the feed conversion ratio (FCR) was calculated. At the end of trial, broilers were slaughtered by stunning and cervical decapitation, followed by exsanguination.
Sampling and Analyses

Immunohistochemical
Analyses Immunohistochemical analyses (IHC) were focused on the determination of CD3 + intraepithelial T-cells as well as CD45 + intraepithelial leukocytes in the jejunal tissue of broilers fed the different experimental diets. Jejunal tissue of 12 randomly selected birds (two animals per pen of six replicate pens) per feeding group was used for IHC analyses. Immediately after slaughtering, 8 to 10 cm segments were removed from the mid-jejunum, defined as tissue located in the midway between the point of entry of the bile ducts and Meckel's diverticulum. Tissue sections were cut open longitudinally and placed on cork boards by using hedgehog spines and subsequently fixed in a 4% phosphate-buffered formaldehyde solution for 48 h. After dehydration and infiltration with solidified paraffin wax, the samples were embedded. The paraffin blocks were cut at 5 μm with a sledge microtome (Typ 1400, Leitz, Wetzlar, Germany), and the obtained sections were mounted on glass slides. IHC analyses were performed by the indirect immunhistochemical method using the EnVision system (EnVision+System-HRP, mouse K4007, Dako, Golstrup, Denmark) following the manufacturer's recommendations. A staining protocol was established allowing a reliable immunohistochemical characterization of CD3 + T cells as well as CD45 + leukocytes in jejunal tissue of broilers. Briefly, in order to enhance staining intensity, antigen retrieval was performed by heating tissue sections in citrate buffer (pH: 6.2) for 20 min at 96 to 98 • C. After applying the peroxidase block solution of the EnVision system, tissue sections were incubated with primary antibodies against the CD3 T cell receptor and against the CD45 leukocyte receptor overnight at 4
• C using humidity chambers (Table 2 ). Preliminary tests showed that the mouse-anti chicken CD3 antibody, which was used for flow cytometric phenotyping, was not suitable for IHC as cells could be not stained. Alternatively, the ratanti human CD3 antibody was used as it cross-reacts with the chicken CD3 complex (Göbel et al., 2000) . Tissue slides were then incubated with secondary antibodies conjugated with horseradish peroxidase (Table 3) and finally immune cells were visualized using a chromogenic dye. Additionally, slides were counterstained with hematoxylin (Carl Roth GmbH&Co. KG, Karlsruhe, Germany). Isotype control antibodies were used confirming the specificity of primary antibody binding. After the staining procedure, tissue slides were analyzed with a light microscope (BX 43, Olympus, Germany), which was equipped with a digital camera (DP72, Olympus, Germany) and an image analysis program (Cell Sense software, Olympus, Germany). Intraepithelial immune cells of only vertically oriented villi and crypts were examined (15 villi and 15 crypts per tissue slide, 4 slides per animal). Intraepithelial immune cells were quantified in the tip and mid region of the villi per 100 enterocytes and in the crypt region per 10.000 μm 2 . Flow Cytometric Analyses Flow cytometric analyses (FC) were performed in order to further characterize the different intraepithelial lymphocytes (IEL) of the jejunal epithelium of broilers fed with the different diets. At first, a protocol was established allowing the determination of lymphocyte populations in the jejunal epithelium of broilers. Jejunal tissue of 12 randomly selected birds (two animals per pen of six replicate pens) per feeding group was used for FC analyses. The entire jejunum of birds was resected and adhering fat and mesenteries were removed. Afterwards, segments were opened longitudinally at the mesenteric side, flushed with PBS buffer to remove fecal contents, and immediately transferred to PBS buffer. In order to isolate and purify the intraepithelial leukocytes from the intestinal epithelium, incubation and centrifugation steps were performed as follows. Jejunal tissue samples were transferred into 100 mL of medium containing dithiothreitol (DDT 2 mM) and ethylenediamine tetraacetic acid (EDTA 1 mM) and incubated in an orbital shaker (MaxQShakers, Fisher Scientific GmbH, Schwerte, Germany) at 110 rpm for 3 × 30 min at 4
• C. After every 30 min, tissue sample containing media were filtered through synthetic gauze (210-mm nylon mesh) to collect the cell suspensions. Cell suspensions were centrifuged (Heraeus R Megafuge1.0R, Thermo Scientific, Karlsruhe, Germany) at 600 × g for 10 min at 4
• C and obtained cell pellets were resuspended in Hanksbalanced salt solution (HBSS without Ca2 + and Mg2 + ). Samples were then incubated in 60 μL DNAse (1:500 dilution) at room temperature for 5 min and centrifuged at 600 × g for 10 min at 4
• C. In order to eliminate remaining cellular debris and mucus obtained cell pellets were resuspended in 25% Percoll solution and subsequently centrifuged at 600 x g for 20 min at 4
• C. Cell pellets were resuspended in Roswell Park Memorial Institute Medium No. 1640 (RPMI 1640) and centrifuged at 300 × g for 10 min at 4
• C. Finally, obtained cells were assessed according to their vitality via trypan blue (1:10 dilution) exclusion staining and adjusted in RPMI 1640 at 1 × 10 6 cells/100 μL. For FC analyses, the purified immune cell preparations were transferred into test tubes (Falcon, Becton Dickinson, Franklin Lakes, New Jersey, USA) and respective primary antibodies were added (Table 2 ) After an incubation period on ice for 25 min, intraepithelial immune cells were washed with PBS with 0.5% bovine serum albumin (BSA) and 2 mM EDTA. After centrifugation at 300 × g for 5 min., the supernatant was removed and the obtained pellet resuspended. In the case of unlabeled primary antibodies, a secondary antibody was applied, depending on the isotype of the primary antibody (Table 3) . After an incubation period of 25 min at 0
• C, the centrifugation and washing steps were repeated as described above. Finally, the test tubes were analyzed using a FACSCalibur flow cytometer (Becton Dickinson, Heidelberg, Germany) and the data were evaluated with BD CellQuest Pro Software. According to fluorescence characteristics, the CD45 + leukocyte population could be identified constituting 
Gene Expression Analyses
Gene expression analyses were performed as described previously (Villodre-Tudela et al., 2015) . Jejunal tissue of 12 randomly selected birds (two animals per pen of six replicate pens) per feeding group was used for gene expression analyses. Total RNA was extracted from 30 mg of jejunal tissue using the NucleoSpin RNA II kit (Macherey-Nagel GmbH & Co. KG, Düren, Germany). The mRNA quality and quantity were determined in a Bioanalyzer (Agilent 2100, Agilent, Waldbronn, Germany). Afterwards, reverse transcription of 100 ng of total RNA into cDNA in a final volume of 20 μL was carried out using the Super Script III Reverse Transcriptase First-Strand cDNA Synthesis System (Invitrogen, Carlsbad,
CA). Primers for interferon gamma (IFN-γ), interleukin 12p40 (IL-12p40), interleukin 1 beta (IL-1β), interleukin 17 (IL-17), interleukin 2 (IL-2), interleukin 4 (IL-4), and transforming growth factor-β2
(TGF-β2) were used ( Table 4 ). The real-time quantitative PCR was performed on a Stratagene MX3000p (Stratagene, Amsterdam, The Netherlands). The reference genes β-Actin, Glycerinaldehyde-3-phosphatDehydrogenase (GAPDH) and β2-microglobilin were used for normalization and times-fold expression was calculated based on mean cycle threshold values of the housekeeping genes with the aid of the relative expression software tool REST (Pfaffl et al., 2002) .
Statistical Analyses
Statistical analyses were conducted using SPSS (version 22.0, Chicago, IL). Means and standard deviation of the means are reported for the four experimental groups (mean ± SD). The pen represented the experimental unit. The Shapiro-Wilk Test was used to test normal distribution. Due to normal distribution, statistical analyses were conducted by ANOVA and posthoc Tukey's test. The software tool REST was used for group-wise comparison and statistical analysis of relative gene expression results. Differences at P < 0.05 were considered significant.
RESULTS AND DISCUSSION
The current study investigated the effect of feeding different protein sources (soya vs. pea) as well as differently processed peas on the jejunal mucosal immune system in broilers. Throughout the whole experiment, broilers remained in good health. With respect to the bird performance, the final BW as well as the FCR of broilers fed the C (BW: 1884 g; FCR: 1.478), RP (BW: 1737 g; FCR: 1.469), FP (BW: 1722g; FCR: 1.463), and EP (BW: 1767g; FCR: 1.447) were comparable (P > 0.05). It was hypothesized that the feeding of peas modulates mucosal immune reactions and that the feeding of processed peas might alter mucosal immune responses, influencing the frequency of jejunal intraepithelial leukocytes and the expression of pro-and antiinflammatory cytokines.
The protocols, which were established for the IHC analyses as well as the FC measurements, could be successfully applied. The gained results present basic information regarding the topological distribution of intraepithelial leukocytes and allow a further characterization of the different IEL in the jejunum of broilers. Irrespective of the experimental diets, IHC analyses revealed that intraepithelial leukocytes were most densely localized in the mid region of the villi, while smaller numbers were found in the villus tip and crypt region (Table 5 ; Figure 1) . Furthermore, the results showed 4 Animals fed with: C = control diet; RP = raw pea diet; FP = fermented pea diet; EP = enzymatically pre-digested pea diet.
that the majority of the intraepithelial leukocytes were T cells, expressing the CD3 receptor, which is consistent with data found in the literature (Lillehoj et al., 2004) . On average, 64.8% of leukocytes in the tip and 64.0% of leukocytes in the mid region of the villi represented CD3 + lymphocytes while in the crypt region 50.8% of leukocytes were CD3 + . To our best knowledge, no information is available concerning the topological distribution of intraepithelial leukocytes in the villi of the chicken small intestine. However, results of the present study are in accordance with examinations of intraepithelial leukocyte density patterns of human jejunal biopsies demonstrating that leukocyte density is greatest along the lower and middle third of the villi and decreases in the tip region (Goldstein, 2004) . By contrast, IEL were homogeneously distributed in the upper, middle and base of the villus in the small intestine of pigs (Vega-Lopez et al., 1995) .
The results of the IHC quantification of CD45 + and CD3 + cells in the jejunum of broilers showed differences between the control and the treatment groups (Table 5; Figure 1 ). Birds receiving the pea diets had higher numbers of intraepithelial CD45 + cells in the tip (P = 0.004) and mid region (P < 0.001) of villi than broilers fed the control diet. Moreover, higher numbers of intraepithelial CD3 + cells were found in the villus tip (P = 0.002) and mid region (P = 0.003) of birds fed the pea containing diets in comparisons with those fed the control diet. The number of detected immune cells in the crypt region as well as the relation of CD3 + to CD45 + cells in the tip, mid and crypt region of the villi were comparable among the different feeding groups.
On the basis of FC analyses, the relative frequency of various intraepithelial lymphocyte populations was determined in the jejunum using the CD45 + leukocytes as reference (Table 6 ). Irrespective of the experimental diets, results of the immunohistochemical staining were confirmed by those of the FC analyses as the majority of leukocytes were characterized as CD3 + T cells ranging from 47% in the control group to 57.1% in the treatment groups. Within the T cell population, γδ + T cells dominated compared with TCRαβ1 + cells and TCRαβ2 + cells, which is in accordance with previous data in chicken (Lillehoj and Chung, 1992) . The majority of cells could be identified as CD8α + cytotoxic cells, whereas CD4
+ T helper cells represented only a minor subpopulation among the intraepithelial immune. Natural killer (NK) cells, expressing the 28-4 receptor, were the second largest immune cell population, which was also shown by Göbel et al. (2001) demonstrating that NK cells and T cells can be considered as the two dominating IEL populations in the chicken intestine. Regarding the effect of feeding the different diets the results of the FC showed that the relative frequency of IEL did not differ among the groups emphasizing that there was no shift in the lymphocyte patterns.
The expression of intestinal pro-and antiinflammatory cytokines was generally not distinctively influenced towards "pro" or "anti" inflammatory patterns by feeding the different diets. Solely, the expression of TGF-β2 mRNA was upregulated (P = 0.048) and the expression of IL-1β mRNA downregulated (P = 0.034) in the jejunum of broilers fed with the enzymatically pre-digested pea diet, while jejunal gene expression of IFN-γ, IL-12p40, Il-17, IL-2, and IL-4 was not affected (Table 7) . The cytokine TGF-β2 has anti-inflammatory potential inhibiting the activation and proliferation of different immune cells (Grande, 1997) . Studies showed that cytokines of the TGF-β family are particularly involved in the regulation of T-cell homeostasis inhibiting proliferation and differentiation of T cells (Kehrl et al., 1986; Lucas et al., 2000) . On the other hand, relative gene expression of the pro-inflammatory cytokine IL-1β was increased in birds of the EP group. IL-1β is particularly produced by stimulated macrophages and induces several immunological processes including T-cell proliferation and regulation of acute-phase response (Weining et al., 1998) . Based on these results and the minor differences in the gene expression patterns it is not clear if other cytokines were involved in the process of observed intraepithelial T cells expansion or whether 3 Reference genes were used for normalization of the real-time PCR data.
4 Animals fed with: RP = raw pea diet; FP = fermented pea diet; EP = enzymatically pre-digested pea diet.
5 Gene expression of the control group was set to 1.
the higher lymphocyte density has not influenced the expression patterns at all. The results of this study show that the feeding of raw and processed peas initiated similar mucosal immune responses in the jejunum of broilers. This observation reveals two aspects: firstly, in comparison with the SBM based control diet, the fed pea products contained substances, which lead to a T-cell accumulation in the gut mucosa; secondly, neither fermentation nor enzymatic pre-digestion of peas had an influence on the efficacy of these immunomodulating compounds. In literature, legumes containing ANF are discussed to be responsible for immunomodulating effects focusing on the one hand on antigenic proteins, such as legumin and vicilin in peas or glycinin and β-conglycinin in soya, and on the other hand on the glycoprotein lectin. With respect to antigenic proteins, only few studies examined the effect of feeding peas on the gut immune system, whereas solely systemic immune responses were investigated. Increased anti-legumin and anti-vicilin plasma titers were observed in calves and piglets after feeding raw peas (Nunes et al., 1987; Le Guen et al., 1991; Bush et al., 1992; Salgado et al., 2002) . Data concerning the effect of feeding peas on the intestinal immune system of chickens are not available to our best knowledge. However, the potential role of antigenic proteins as immunomodulating compounds were examined in several studies approaching the effect of feeding soybean proteins on the local and systemic immune system (Kilshaw and Sissons, 1979; Li et al., 1990; Lallès et al., 1995; Feng et al., 2007) .With respect to local immune reactions, mucosal T-cell and B-cell infiltration as well as an increase of IgA and IgG positive plasma cells were found in the duodenum and jejunum of piglets and calves after feeding heated SBM Lalles et al., 1996) . The heated soybean diets contained high levels of glycinin and β-conglycinin; alcohol-treated soya protein concentrate or hydrolyzed soya protein isolate (Lalles et al., 1996) were used as control diets being virtually free of those storage proteins. Hence, the authors conjectured that glycinin and β-conglycinin might be responsible for inducing hypersensitivity reactions in the intestinal mucosa, although the effect of other ANF, such as lectins, could not be ruled out . In this study, the feeding of the control diet containing toasted SBM led to the lowest frequency of mucosal intraepithelial T cells. Considering immune reactions caused by food or feed components it seems of great importance to define terms used in this area. As reviewed, the terms hypersensitivity, hypersensitivity reaction and allergy should be used in connection with immune reactions initiated by a defined stimulus and a specific immunologic mechanism in individuals, which are susceptible to a certain food or feed component (Johansson et al., 2001; Johansson et al., 2004; Cianferoni and Spergel, 2009) . In the present work as in previous studies most of the animals, which were fed with pea or soya proteins showed immune reactions, which underline that the majority of animals were susceptible. Therefore, it can be assumed that the observed immune reactions after feeding of legume proteins are not be equated with hypersensitivity reactions as described e.g., for humans in relation to allergic reactions caused by peanut or wheat consumption.
Apart from specific antigenic pea or soya proteins, plant lectins are associated with the initiation of local and systemic immune response. Lectins are carbohydrate-binding, non-digestible proteins, which can be found in varying quantities in several legume seeds e.g. peas, beans, lupins, or soybeans. Lectins interact with the intestinal mucosa accompanied by a destruction of enterocytes, an alteration of villi and crypts and a decreasing nutrient absorption may followed by local as well as humoral immune response (Pusztai et al., 1979; Donatucci et al., 1987; Kik et al., 1990; Huisman and Tolman, 1992) . Lectins and lectin peptides showed mitogenic activity leading to an activation and proliferation of T lymphocytes and inflammatory response in mice and rats (Greer, 1983; Licastro et al., 1993; Benjamin et al., 1997; Lima et al., 1999) . By feeding fish with either lectin containing SBM or pure soybean agglutinin, pathological changes in the intestinal tract were detected. A destruction of villus integrity and cellular infiltrations into the lamina propria were observed indicating mucosal immune reactions (Buttle et al., 2001 ). It was suggested that soybean agglutinin rather than antigenic soya proteins were responsible for observed intestinal damage, as the feeding of both pure soybean agglutinin and SBM showed comparable effects (Buttle et al., 2001) . Lectins can be eliminated by proper heat treatment Alonso et al., 1998) . The effectiveness of lectin reduction depends on the processing temperature and time. The lectin haemagglutinating activity of beans was inactivated by steaming at 100
• C for 15 min (Rodriguez and Bailey, 1987) or at 136
• C for 1.5 min while the heating of beans at 102
• C for 5 min did not sufficiently reduce lectin content ). In the current study, the lectin content of the used diets was not analyzed as there is a lack of standardized and validated bioassays. Therefore, it is questionable whether lectins were completely eliminated by processing, particularly with regard to the pea products.
Legumes containing ANF could also indirectly affect the intestinal immune system by influencing the intestinal microbiota leading to changes in the microbial composition due to enhanced fermentation of oligosaccharides or non-starch polysaccharides (Choct et al., 1996; Rubio et al., 1998; Olkowski et al., 2010) . As reviewed by Brisbin et al. (2008) it is presumed that, similar to mammals, commensal bacteria and bacterial fermentation products directly interact with IEL triggering innate and adaptive immune reactions in chickens. Further research is required in order to prove whether and which pea related ANF might be responsible for observed local immune reactions. In this context, it is essential to develop analytical methods allowing a reliable determination of the different ANF present in legume seeds. Moreover, it would be important to examine whether these local immune reactions are accompanied with systemic immune responses and in which way the intestinal microbiota might be involved.
CONCLUSION
In conclusion, the present study provides information on the topological distribution of intraepithelial leukocytes as well as allowed a characterization of the different IEL in the jejunum of broilers. Furthermore, the results of this work showed that the implementation of peas in broiler diets resulted in an increase of jejunal intraepithelial T cells suggesting an immune modulating effect of pea containing ANF. Neither bacterial fermentation nor the usage of exogenous enzymatic pre-digestion of peas influenced the frequency of detected immune cells in the jejunal epithelium. Whether legume derived antigenic proteins, lectins or other ANF might be responsible for observed mucosal immune responses and whether these reactions have a beneficial or detrimental impact on the immune status and health of broilers needs further clarification.
